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INTRODUCTION

This work has been performed for project 1W662603AH78, Armament
Area 4: Armored Vehicle Armament Technology. The analysis presented
is part of the on-going effort in the Medium Caliber Anti-Armor Auto-
matic Cannon Program to produce several test bed automatic cannon for
bench mark data generation purposes. Watervliet Arsenal is completing
a 60mm unit which is a compact mechanism capable of rapid fire of high
velocity KE rounds, incorporating advanced features to minimize barrel
erosion and barrel vibration. This unit is designated Test Bed No. 2.
Particulars of its structure and operation are available in references
1 and 2.

The bolt is a critical element in this weapon, being the item that
closes the high pressure breech. The weapon will operate at chamber
pressures between 70,000 and 100,000 psi. The operating pressures in
the system are approximately twice those currently attained in present
60mm systems and ére very close to the limits of present weapon. tech-
nology. Because of the extreme operating conditions, a finite element
program was used to model the weapon bolt assembly in the locked posi-
tion at peak chamber pressure. Primarily the analysis is concerned
with calculating and locating the maximum stress in the bolt cross sec-

tion. The analysis was performed at Frankford Arsenal.

1. Dynamic Analysis of Constant Reaction Systems for a Medium Caliber
Anti-Armor Automatic Cannon, P. M. Vottis, J. K. Jorczak, Jul 76,
Watervliet Arsenal, Watervliet, NY.

2. (C) Dynamic Analysis of a Medium Caliber Anti-Armor Automatic Cannon
(U), J. K. Jorczak, Jul 75, WVT-TR-75033, Watervliet Arsenal, Watervliet,
New York



The bolt was modeled with a standard axisymmetric finite element
program using constant strain elements. Modeling procedures for any
axisymmetric problem are fairly simple and straightforward. The major
steps in the analysis are:

1. Generate finite element mesh over the cross section.

2. Select boundary conditions appropriate to the problem,

3. Select material properties representative of material to be
analyzed.

Since the actual bolt is not an axisymmetric body, some discussion .
of this approach is necessary.

Bolt Model

The bolt was modeled as an axisymmetric elastic body locked into
a rigid bolt receiver. A pressure loading of 117,840 psi was applied
to the bolt face, over the left edge of element numbers three to 12.

The nodes on the right side of elements 36, 37, 38, 100, 101, 102, 152;
153, 154, etc., wefe restrained in the axial (Z) direction to simulate
support given the bolt through the locking Tugs by the barrel extension.

However, the actual bolt is not an axisymmetric body. Several
holes are contained in the cross section modeled, thus weakening the
bolt. Because of the lack of symmetry in the bolt geometry, the problem
is three-dimensional and should be solved accordingly. Lack of time and
money, however, necessitated a simpler approach.

The locking lugs which support the bolt during firing consist of
ten sets of four segments, with each segment being slightly less than
45°, To model the bolt axisymmetrically, the locking lugs were con-

sidered solid disks. This required that the number of sets of lugs

2



be reduced to five so that the shear area at the root of the lugs remained
approximately equal to the shear area of the actual lugs.

Next, the rearward force of the cartridge case on the bolt was cal-
culated. Since the force is assumed to be applied uniformly, a pressure
of 117,800 psi was calculated from the area of the case applying the force
to the bolt face.

The best and worst cases were first analyzed. The best case is the
bolt without any holes, and the worst (Run 2) is the bolt with a circular
slot which is 0.93 inches wide and 0.95 inches deep in the rear face of
the bolt. Figure 1 is the geometry plot for the best case, and Figure 4
is the geometry plot for Run 2.

Run 3 (Figure 7) is a variation of the Run 2, in which the circular
slot was filled with a very low modulus (10 psi) material. Runs 4
and 5 are intermediate cases where the slot has the same volume as the
original hole. In Run 4, Figure 10, the slot has the same width as the
hole diameter (0.93 inches) but the depth is only 0.1162 inches. In
Run 5, Figure 13, the slot has the same depth (0.95 inches) but is only
0.1138 inches wide and centered on thg centerline of the original hole.
Results

Computer printouts of the five models are included in Appendix A.
The distorted cross section and stress field plots are in Figures 2 and
3, 5and 6, 8 and 9, 11 and 12, 14 and 15 for Runs 1 to 5, respectively.
The element with the highest stress is shaded in the geometry plot of
each of the models.

A comparison of the deflection of the bolt face (nodal points 1

through 13) for the five models is given in Figure 16. Figure 17



is the bolt drawing prepared for the analysis and Figure 18 is a finish
machine drawing of the bolt.
Discussion

In Runs 1 and 4 the element with the highest stress is number 38,
which is the element at the rear face of the root of the first Tocking
Tug. More important, however, is that the stress levels in that element
in all runs are between 138,000 and 142,000 psi. The stress levels in
this element wi]]_be Tower than reported since the model assumes rigid
support to the locking lugs while the barrel extension actually will
elastically deform.

The element of maximum stress in Runs 2 and 3 is number 72, at
176,800 psi. These are the highest stressed elements of all the models
because these models represent the weakest configuration (have the
largest slot, thus minimum bolt material). Run 5 has the next highest
stressed element, number 63, at 143,500 psi. This run is the most
accurate of the five models and best represents the stiffness of the
bolt.

Conclusions

The yield strength value chosen for the model, 200,000 psi, is more
than sufficient to withstand the forces of a 100,000 psi chamber pressure
firing. If the worst case analysis of the bolt is considered, the lowest
yield strength acceptable is approximately 180,000 psi. This would pro-
vide only a two per cent safety factor in the design of the bolt. How-
ever, since the most accurate model, Run 5, predicts a maximum stress of

143,500 psi, the safety factor would be 25 per cent.
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8.79
1.64
3.63

6.04
5.95
6:16
7.33
l&64
3.76

4.91

5.96

1.49
2.54
3,68
C6.76
06‘,

. .82 _

"1&91
~2.82
“2+43
-2,02
-i.58
-.64
.47
“2.63
=-Z2.12

-.87
_omeb2

- 24
4
~1.39
=2431

“035 -

-.64
~.24
“20g8
=}l.12
~.,78
-.”8

-1.78

-.80.
-.21
-.17
~.,09

- 94

Tastsrddans

MISES

32.,8¢
16.64
17,92
23,21
27.91
25.97
26.4)
174,86
25,09
21,95
20.85

13.2)

12,18
16,79
16.81
15.93
8.91
9,71
.68
11.19
11.89
12.03
7.94
8,57
71.92
B.05
8,51
9.34
B.81
7.78
640
5672
6.30
Tebly
Q.46
W als
5.80
4,03
1*087
5,98
6.51
3.87
3.87
4,96
4,03
2.90
250
3.10
4.34
235



CHAMBER PRESSURE=117839

ELEM
NOD.

201
202

203

204
205
206
207
2n8
209
210
211
24 2
213
214
21%
216

217

218
219
220
221
222
223
224
225

226

227

228

229
230
23]

232

233
234

235

236
237
238
239
240

241

242
243
244
245
246
247
248
249
250

COORDINATES
R 1Z
2.34 51,/016
2: 15 5.06
1.96 5.06
1.76 5.06
1;;7 5006
2.53 525
2.36 5.25
2.15 5.25
1.95 5.25
1.76 5.25
1.57 5.25
293 5.43
2.34 5643
2.15 Se43
1095 5043
1.76 Se3
1.57 S.43
2453 5.61
2.34 5.61
.15 5.61
1.96 5.61
1.76 5.61
1,57 5.61
2.11 5,84
1.96 S.79
1.76 5479
1,57 5,79
2.30
2.15 5.98
1.96 5,98
1.77 5098
1.57 5.98
2,48  6.21
2.34 6616
2.15  6.16
1.96 6.16
1076__ 6.16
1.57 6616
2,53 6,35
2.34 6435
2al5)  6ladST
1.95 6,35
l1.76 6435
1.57 6435
2458 .. 6.58 _
2.34% 6453
2.15 6,53
1.95 6.53
176 6.53
1.57 6453

6,03 7

Bhunpateas

RR
-.51
=-sl0
-e03
ell
o1l
-009
07
07
«1b
L
(14
o1l
032

" STRESSES (KPST)

22

'1024
'040
«99G
2.49
4011
-1.45
- e84
« 23
1034
2e40
3,65

.'2010

‘052
«94
1.73
2el6
3.03
-2+53
-e59
2.02
2.08

2455

”'2055

-o48
1.51
2415

-e49

-«bH4

T Pels

« 96

le76¢

'022
‘027

°059N
«03
.60
«68
42
+25

10

Yosg

- g

s

. -el2

)i

.80
1.30
1.96
2.77
3.71

+ 3G

+66
1.07
1.58
2.15
2.82
-+ 04

«50

« 94
1036
1.66
2.05
-¢33

.37
1.28
1029
1.03
1.40
-+93
-e15

«81

-}35
~-e29
«02
32

-oltl
foql
=035
'025_
.12
-e53
-.50
46
-e b4
=6
=50

LT 69‘ -

-+55
Tell
~e50
-e64
~-+86

RZ

-,.89
-+30
25
37
o 20

.‘060

- 70
~-.12
«D2
.68
e 36
-, 44
-, 66
-.10
« B85
81
34
-o17
- 37
“s40
1.23
«56
.23

- -,78

99
o7
.19

.-.38.
-014

« 67

.26

-.23
‘.20
.08

s -

« 65
«33
‘olq
~-.21
.09

W49

.60
.31
=e 17
-.28
-002
.54
«51
.19

3t 4 3F 34 35 3F 48 2 44 38

MISES

2.36
1.68
1.78
2461
3.83
1.95
1.78
095
1,60
2,36
3,24
2,28
1,48
.80
1.94
2,06
2.60
2.48
1.29
1,05
2,40
1.64
2e14
2425
1,76
1,48
1.88
69
e 64
1.34
1,57
1,66
.50
45
¢ 39
1,07
1,45
1.42
.55
.59
.62
1.15
1.38
1417
.76
.80
.93
1,38
1.31
l.o7



'CHAMBER PRESSURE=117839

ELEM COORDINATES  wwvassssby
NO., R 7 RR 22

252 203" 6071 «37 -003

253 2415 6,71 Ce73 1.12

254 1.95 6.71 «58 + 35

255 . 1.76  6.71 e 07 .02

256 1.57 6.71 = D4 « 04
11

" STRESSES (KPST)

T bt

LK RZ ~ MISES
-.80 -
~¢58
~25
-e43

"1002

-.08

-.18

-.28
63
.18
.03

.88
.88
)31
1.65
l.11

‘1021 1022
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Figure 1.
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Geometry plot - Run 1.
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Distortion plot - Run 1.
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Figure 2.



Figure 3. Stress plot - Run 1.
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RUN 2

CHAMBER PRESSURE=117839

ELEM COORDINATES ~  #unussvwnds T STRESSES(KPSI) T

NOo ... R .2 _RR____ 2%z YT RZ__ MISES
..\.1.__ i 2052 - .69 — 5028 ] ) 4061 "7030 8.41 19.04
2 24,381 « 710 13451 T -29.03 -16.78 °  =3,23 38,34
3 2.10 70 694 ~ =91.65 =42.60  -13.75 88,68
4 1.89 o710 =% 14 -120.50 -63.61 ~B.44 99,28
B 1.67 70 m20.,25  -118.15  =75,33 =10.99  37.11
6 l1.46 o 1D 254406 -91.21 -79.10 2.62 60.77

= ._,7“. 1.25 ) 070___ B -23.45 _-,_'7'30025 p— -70054 1.52 44,17

8 1.0‘0 o7o "‘("001\"‘4‘ -2308‘0 -82o89 -31069 75055
9. . .83 o7l _v92.18 _  -83.29 -125.56 __=35,03 71,91
10 .62 Al -130.70 -114.85 -160443 -15,.,06 47,81
SUL el 271 =147.72  =114.70  =181.50  =11.49 61417
12 .20 71 -=119.04 -99,.,07 -219.11 -18,00 115,68
S, Bedd «87 =¢S5 9.98 3,43 ~ 9.48 18,91
14 2030 387 3.89 -43,.,85 "11077 1049 42.23
154,,,” 2509__. . 987.‘»""_" _11'03-......-97°64 GMN’ZQ.S‘;“_ u-lsolg 100020
16 1.88 .87 5.08 -119.13 44,70 -26.92 117.88
17 1.66 .87 ~7,20 _ -110.26  =53,35  =21.50 96,85
18 1.45 87 -16.94 -80.69 =55, 36 =12.51 59.67
1‘9__ 1.24 L «88 . -3808‘4 o =44 4,20 . _-57002 o -23027 _ 43,42
20 102 «£8 -57.81 =40.61 -63.49 -5].19  91.04
21 . <81 .88  -€5.92 __=69e47  -76.3] . =56.88 98,955
22 60 .88 -17.28 =94.94 -92.82 -38.94 © 69,48

23 - .38 .83 ~19.66 -102.66 =-108.42 =32.64 62.33
24 W18 T .84 -90,03 T =121.00 =157.56  =37.92 88.00

_25s _ Z=58 W03 o ~1.96 - 1750 13.67 B.12 22,713
25 2+30 1e04  =2,27  =58.79 T -8.,52 9,31 S56.04
w_2’.7v_______m2.0‘9m___"__ 1- 04“ S 13009 .m-,_.-.l 13080 :-.-,.M-23.72 B :'19. ll 117.82
28 1.87 1.04 =1.97 -118.84  =35.74  =43,26 128,33
29 1.65 VlfOQ___n_”B,ZQJ__MTQ703O ~ =35.67 -28.67 93,28
30 1.44 1.04 -12.63 -80.12 -36.86  =27.37  75.87

: ___31_____ 1 122______ 1.04 ___':28092 "_____-SS 059 - -38009 o -_43039 B 718.74
32 1.01 1.04 -40,.,88 -42+04 -37.89 ~60.40 104.68

o33 W79 0 1.05  __ =45.23 _ _-Slel4  -40.35 . =59.,94 104,24
34 57 1.405 -43,32 =70.91 -45,30 =42.,46 77.88

.35 W36 1.05 __ =34,96 _ =100.36 _ =55,18  =26,91 _  T4.40
36 2.52 1.21 =372 24435 20.19 3.54 26.94

.37 2430 1.21 _ ~1S.47  =55.93  =5,43 8,97 48,84
38 2.11 1-21 _21059 -168091 -41009 -3019 138.71

391489 121 . 720,99 . =111.30  =27.55  =54,80 128,99
‘LO 1.65 . 1022 “1091 -84051 -14.06 -23004 86.95
_41‘_____ 1.‘1‘4 o 1 022 —— “2070________-__88069 o _7190040 . -37081 _ 102068
42 1022 1022 -13v33 -61027 "’16050 -56041 108.19

.63 1e01 1422  ~dle4l __ =36.00  =10.01 -63,28 111.90
44 « 79 1.22 -17.54 -27+75 -1.80 =57.27 101,74
LA5 W57 o 1e22  "15435  =43.22  1.62 _ =36.39 . 14,23
46 « 36 1.23 a2l -68.80 5.29 -11.63 72.28
_“(47’___7_‘ 2.11 1.‘1’4_ _ 23.68 - 106.37 2 7___761063_ - 22.11 81028
48 1.94 139 7.10 9.80 31.51 -50.00 B9,.66
B9 e AT VBB o . 5. 7B, =9912  =5.04 . T26,33. 104.264
50 1.50 1.40 -3.92 -1N6.06 =6.20 -33.76 116,72

15



CHAMBER PRESSURE=117839

ELEM
_No.

2l
52
Sl
S4
55
56
57_
S8
59
60
61
62
63
64
65
66
67
68
__6S
70
1
72
73
.
75
76
77
78
AN
89
_81
82
83 _.

B4

56
- 5
98
]
100

..

COORDINATES "
R Z
1629 l.40
1.03 1.40
87 1640 _
c66 1e40
5l 1.45
.35 le4l
2.24 1.58
2.03 1.58
1.82  1.58
1.61 1.58
1.42 1.58
1.21 1.57
¢99  1.58
.78 1.58
_e58 _ 1.58
.37 1.59
2.47  1.81
2.32 1.76
2410 1.77 =
1.88 W ilar
1.67 1477
14T 1.76
.38 1.77
2.52 1.95
2,30 1.95
2.09 1.95
1.87 1.95 A
1.66 1.95
1667 1.95
W38 1.96
2452 2.13
230 2.13
2409 _ 2.13
1.87 2.13
1.66 2,13
1647 2.13
—_p | 2,14
2.52 2431
_2.30 2.31
2.11 2.31
1.89  2.31
1.66 2031
1.47  2.31
.38 2432
. 1 0987_____ 2._4‘0___
107“ 2edh
1.58  2.46
1ea6 244
L e38_ 2445
2.10 2.54

THUBHBBte sy

o
w
1

-2
12,40
61
“el6
2479
Zel3
-9,06

T-176.16

©  STRESSES(KPSI)

‘77012

26437
o B N

‘5006
-2‘0059
~52.61
15472
24475
"‘41035

-99,99

126.91

-32.12

«83

- -1.80
28.89

-50.35
5.67

T.21

1.47

-26494

"76059

73053“
3.88
"2008

~ -13.88

-36.64

"-78.89
~118.14
~ 45

2.52

-10.37

‘41063

-49,85

‘03032 .
59

32405

"‘01078

"53028 )

-‘07026
39

14,99

5

121.96
102.11
26420
27.97
26469
24.90
15.27

86,69
26.3%
26,40
25.88
23.71
17.43
14.34%
24436

27e12

25.91

23.00
22.48
21.60
27,43
26.12
22.32
22.25
264,20
| 26.57
~2.56

25.14
24.10
30.12
i “‘0026
29.94

-12.43

24,98

_47.07

RZ
-58,30
60,70
-47012
"35.58
20446
2.22
7023
~25,8%
-40.73
=3).23
-4Q071
=51.,54
-16.94
-20.38
~-32.03
-3.,79
3.46
« 07
"15007
-39.24
-45,47
"'51 «83
-34,65
1403
-5.09
-19.68
-36,.,95
-42,88

. -21010

-6.26
...L,g

- "54061
-19.99
-35,40
-31.95
=2, U5
215
.54
"3034
-15.24
=34,72
=-23.16

3.16
-32.89
"25071

~8.99
2e11
-15.04

LRR-X-E X 2R

MISES

126.88
1288
90,96
78,65
82.52
103,14
31,9%
60.38
89.27
108,32
134,90
110,62
74.‘00
97.87
105,04
13402[0
24475
27,74
47,27
83,49
112.13
176,86
98,81
25,63
820 71
52.10
83,31
112.54
130.91
28,73
26,95
© 35,12
56416
83,64
94,80
100,45
S.76
27.55
36,66
64471
81,87
77.94
B1.87
6. 1‘0
64,473
73.63
75.68
69,73
S.72
42,89



CHAMBER PRESSURE=117839 - o o i

ELEM COORCINATES —~ #wwsswames STRESSES(KPST) sunsceanus
NO. Rz RR____ 2z 1T RZ MISES
101 1.89  2.54 3.68 .16 34,59  =30,46 62,13
102 1.63 2.54 1.58 -39.88 285 = —2llkhS6 67.50
103 1.48 2ed4 1,30 -42.,80 28,68 -10.01 64,83
104 o0 255 =23 16 -5.68 36 5.85
105 . 2426 2.69 -840 =637 19.94 =7.85 28,72
106 2.11 2.713 6,62 553 24.18 -10.52 3247
107 1.95 2,69 _ =8,31 -2.12 25,56 -19,83 46443
108 1.75 2+69 50 -17.64 28410 -21.196 54,20
IOQW. IOSQA‘ 2.69 - -1.03 i ‘38065w . 25.50 -12039_ 58,82
110 2ot 2.87 =4,38 -5,91 14.95 -4,89 2]1.84
111 2.29 2.91 =289 =2.49 _ 17.55  -6.66  23.30
112 2.15 2.87 =7.33 -1.97 18.86 -8,.95 28,54
113 1496 2.87  =6.05  =3,60  22.23  -14,23 36465
llQ 1077 2.87 -“055 -13034 23.61 -15049 “2.87
C115 0 1457 2.87 . <2409 __ =29.20  23.79 -11.06 49,72
116 2.53 3.05 -.95 -6.04 12.93 =3.46 19,42
117 2.34 3.05 “2.80 =641l 14,51  -6.40 22.15
118 2015 3005 -3032 -3041 17031 -8079 25.67
119 1.96 3,05 _ =3.76 _ <=5.13 19,38  =10.73 30,24
120 1.76 3.05 -2.13 -10.88 21.32 -10.94 34,52
S 121 1.57 3.05  =.21 _ =17.32_ 23.44_  =5,84 36.87
122 2.23 3,23 ol2 -12.87 10.47 -3.06 20,95
123 2434 3.23 .66 =T.43 13.45 -6.35 21.29
124 215 3.23 .28  =4,36 15.72 = -7.867 = 22.69
125 1.96  3.23 o 4,70 17.93  -8.11 24 .89
126 1.76 34,23 0 W63 7 =T7.97 19,44  =7.,43 27.48
127 1.57  3.23 .63 =9.97 21.77 -3.31 28.57
1287 2.53 7 3.41 W62 -16.29 7 B.76  -1.29  22.24
129 2e34 3.41 4.00 -9,65 12,58 -3.42 20.57
1300 T 2.15 7 3.41 0 10,327 =3.96 T 17.09 -7,02 = 22.23
‘_1_31____ ) 1096}” L 30‘:‘_1____—_..3059___”“ '_"!7?_‘“_‘"____— 16023 =~T.77 22.48
182 1.76 3.41 2.43 -4486 17.57 =6.00 22,38
_Mlgg__ l'sz_uu“3'41._m-‘m1°qqm_.,M-S'0pm‘“.“lgfgj__ R f2.@7m~ 22!60
134 2.11 J.64 -4019 1.03 10.37 -7098 18,83
135 1.96  3.59 2,78 1.19 14,53 =9.69  20.99
136 1077 3059 1098 -1076 15.02 -5087 18033
_,»1377__ _"105-(__- 3.56 i 092”_____ - -_062_ o 17022____‘ i -.2027_ ) 17.57
1312 2430 3.83 -3.94 -~6.08 4454 -5.49 13.60
..“13_9.____,,, 2015‘____ ‘3°78...__~._._...-“'25.___ .-2'22‘.... 6.]7ﬂ___ ) -3001 ) 11,43
1“0 1.96 3.78 -1071 1064 10019 -5003 13074
_1%1__ 1.71 - 3.78 " 58 o w1082_ __12056» . f4033 13.61
142 e 7 3.73 «58 3.09 14.83 -1.73 13.51
143 2.483 4.1  =l413  =4,17 = 3,84 = =2.,98 8.70
144 2.34 3096 -1094 -3.96 4434 -3014 9026
145 0 2015 3.96 mlea4_ =le4s4 0 5,98 0 =2.,26 8,39
146 1.96 - 3.96 -1.10 l.40 7.96 -2.19 B.S4
147 1.76  3.96 W05 324 10.15 = =1.96 5,56
148 1.57 3.96 038 5050 12056 ‘082 10069
___149 - 42.53 4’15 R _._037____ _-4078___ — __2.97 " . _-1098 7056

15¢ 2e34 44,15 -.08 -3.30 3.85 -2071 777



"CHA“BER PRESSULRE=11783¢

ELEM

_NO.

151

152

153

o0

154

155

156

158

159

176

180

160

163

162
163

164

165
166
167

168

163
170
171

N

173

174

175

177

178"

I7e

181

189

2

183

182
184

185

186

187

188
194
192

193
194

.1es

el

196

e Lo

158

200

"COGRCINATES

R .

2.15
1.95
N s
1.57
2.53
2.34
2015
1.95
1.76
1.57
2.53
2.34
2,15

1.96

1.76

1.57

2.11
1.96

_ 1.8

1.57
2.30

~2sll5

1.96

) ST

1.57

2448

2.34
2siE
196

1.76

).57
g
2 34 ¢

2415
1.95

"1776
1.57

2:53

2.34,

2415

- 14595
1.76
J1e57.

2.53

2e3h .,

2.15

_1.96

176

137

200

.z

4415

4.15

4415 _

4415

4433

4433
4433
4,33

4433

4e33
4451
4451
4451

5951,

4451

‘}051
407‘4
4409
4669
4469
4493
4#88
4,88

4e.88

4488

S 'L

waustapswgas

STRESSES (KPST)

T et sany

RR 2 17 RZ _MISES
—e24 =53 = 54,14 'l 9 6434
-e04 1.97 6.70 -84 6416

049 3.85__  B.4p . =36 6491
¢4 0 6.31 10 43 -.OS 8.73

030 =7.05 _le64 =149 8,50
e 9l ~-2485 3.26 -2.350 6,88

) 055«. S « 84 o ‘0._62____” _:_!_‘9_55 - ‘0 76

1.00 2+90 5.96 28 T4,36

le22 3.98  T.0S5 .42 S.l1
048 6e16 8,49 20 7.15
o4l =854 W71 =58 9.16

2.08 -3.36 2.84 =1.33 © 6,429

4425 3,01 Se.47 =1.97 4,03

2.43 7 3,67 7 T 5.50 T 1.01 3419

1627 3645 S.51 . W16 - 3.69
N 5.95 6.81 « 09 596

_'1ob8 _:f’qls;_- . 37 =2.,77 6417
«56 «03 2.59 W29 2.33
o 70 3.80 4,19 -+03 3.31

V287 T 5.83 %7 S,29 T T g0l 5,30

~-097 -1.87 25 -1053 3.23

=065 1297 T T g0 =058 772,08

-+ 06 o172 1.67 67 1.90
W07 Jebl T 2.83 7 TL.57 T 3,24
) 5.69 4.02 20 44+94

=e26 =le08 T .18 7 T T=,718 T 1.75

-235 -l 04 .27 "_.68 L } 1.64
07 -e28 69 T =.01 .85

o8 1e22 1.26 W77 1.71
.16 3.11 2.02 89 3,02
209 Sel0 2494 0 k44 4e42
-.06 -1.18 - 05 ~e48 1,40

)3 meB9 elB__ __=e48  1la.12
18 XX 52 17 o413

_e24_ leb2 .96 .88 __1e94
027 2.87 1447 1.02 2.87
W12 8,29 2,08 .52 3.72
oll -l 67 -e40 - o34 1,69
030 me22 405 =a4S5 90
015 1.18 043 o 16 96
e30 1496 .78 1.12 2,46
43 2.52 1.04 1.04 2.59
.9]»2‘~ . 3 ‘06 __1036_______ 04‘0 e 3.02
012 "'l 98 -.63 013 1086
___0_53 = 2 i - 00 S__ " 26 e ® 80
+ 86 225 o 73 -.18 1.50
71 2433 A 1.50 ~ 3,05
28 1.83 046 o 75 1.96
« 09 _2eB3 W78 W3)  2.52

-t =2:60 - -+53 2.08



"CHAMBER PRESSURE=117839

CELEM COORDINATES #uvnaensusr  STRESSES(KPSI) B e n sy
__NO. R Z_ RR_ 2z  Y¥v _ RZ  MISES
291 ... Y+96 5.79  =a17 | =.48 =465 la32 2433
202 1.76 5.79 .04 1.65 .06 .65 . 1.96
z2n3 il & 5V ' S5.79 .00 2428 W25 W26 2ei2)
204 2.30 6003 -012 -030 -059 -021 .SS
_205 215 5.938 ) 216 o -¢57 .-061 ,-005 . «78
206 1096 5.98 .OS -017 -065 092 1072
207 | W/ 5.98 -.15 1.01 -.41 .81 1492
208 1057 5.98 -003 1078 -017 031 1.96
_209 2.48* 6.21 B -00‘4 -_014 : -...,-..58 . _:‘0114 o ¢ 5%
210 Ce3u 6.16 -.05 -.15 -.61 -.19 W55
211 2,15 6.16 08 -.11  -,63 .15 ' 69
212 1.96 6.16 « D9 .19 -.63 61 1.32
214 1n'ST 6.16 =. 06 1.18  =,54 "~ +35 1.65
215 2053 6435 -000~ } -020 ) "7_065 _-012 s 061
216 2.34 6435 « 02 -.01 -.65 -.12 «6G
) 217 2015 6.35 ) .!02_ R 023 ___':'.66 015 ) 084
218 1095 6035 002 041 "069 051 1030
220 1.57 6+ 35 -.01 2«64 -84 e 30 1.38
221 2.53 65453 L e04 =436 =,T76 =412 e73
222 2434 6.53 .12 012 -.68 -.19 .86
_ 223 2415 6453 «03 «56 =66 .03 1.06
224 Tis, 31D 6453 04 «60 =72 o 510 R T A
_22"-) 1.76 _ 6.53_'_“._ ~ ’11 . i 037 -089 047 1041
226 1.57 6453 -.00 022 =l.l12 S A 1.28
AT 2.53 6.71_ s _,07_” i :'._49 _ TeB4 -.06 ¢80
228 2.34 6.71 <30 T .07 e 70 T=L13 T .94
_.229 _ 2.15 6471 458 .99  =e46  =e21 1435
230 1.95 6071 AN «81  =e66 +55 1,63
_&231 o 1076 6._71_- __-._Ql___ . _0_02( _:1020 o __015 . 1.24
232 1.57 6.71 -.05 .03 ~1.40 .02 1589
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Figure 4. Geometry plot - Run 2.
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Figure 6. Stress plot - Run 2.
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RUN 3
CHAMBER PRESSURE=117839

ELEM COORDINATES STRESSES(KPSI)

NO. R 2 RR Zz iy RZ MISES
] 2062 goﬁg 5.28 4061 -7.3¢ 8.41 19.g4
2 oy | Y] 13,51 -29,43 -16,78 -3423 38,34
3 2,20 g.60 6.94 -91,69 -42,60 -13,75 88,68
b 1,99 f.60 -7.11 -12¢,.5¢ -63,61 -8 4k 99,28
5 1.78 goﬁg -2¢.25 -118.15 -75.33 -1¢.99 87.11
6 1,57 feb1 -25,46 -91,21 -79,14¢ 2,62 68477
7 1,36 feb1 -23,45 -38,25 ~78.54 lye 52 Liy 16
8 1,15 feb1 L4 4y -23,84 -82,88 -31,69 75,4455
9 fe93 fa61 -92,18 -83,29 -125,56 -35.03 71,91

1g fe72 feb1 -130,78 -114,85 -16@,43 -15,.06 47,81
! foe51 Fe61 147,71 -114,7¢9 -181,5¢ -11,49 61417
12 fe38 fe62 -119,04 -99,07 -219,11 -18,4¢ 115,68
18 g.09 fa62 -fa75 9,98 3,43 9,48 18,91
14 2,62 fe79 3.89 -43,85 -11,77 1,49 42,23
15 2,41 Ba79 11,083 -97,.,64 -29,55 -18,19 194, 2¢
16 2,20 fe79 5.08 -119,13 44,748 ~26,92 117,88
17 1,99 fe79 -7.2¢ -110,26 -53,35 -21,5¢ 96,85
18 1,78 fe79 -16,94 -80#.69 -55436 -12,51 59,67
19 Ve'S7 g.80 -38,84 -4, 20 -57.82 -23,26 43,42
2g 1.36 goaﬂ -57.81 -4¢.61 —63.49 -51.19 91.g3
21 1,15 fo80 -65,92 -69,47 -76431 -56,88 98,95
22 feqk fo.80 -77.28 -94,94 -92,82 -38,94 69,48
23 fe73 f.80 -79.66 -192,69 -1¢8,42 -32,64 62439
24 fe53 #.8¢ -9@.#3 -121,88 -157.56 -37.92 88,00
25 fe30 fe81 -1,96 17,58 13,67 8,12 22,73
26 g.09 #.81 -2,27 -58,75 -8,52 9,31 564f4
27 2.63 ¢.95 13.¢9 -113.8¢ -23.72 -19.11 117.82
28 2,41 #.95 -1,97 -118,84 -35,74 -43,26 128,33
29 2.19 ﬂogs -8.29 -97.3ﬂ -35.67 -28.67 93028
3ﬂ 1.98 ¢.95 -12.63 -8¢.12 -36.86 -27.37 75.87
31 1.76 g.gs -28.92 -55.59 -38.¢9 -43.39 78.74
32 1,54 fe95 -4 .88 ~L2,04 -37.89 -6 ,u4f 144,68
33 1.33 ¢.95 -45;23 -51.14 -4ﬂ.35 -59.94 1¢4.24
3Ly 1.11 #.96 -45,32 -79.91 -45,3¢ -42,46 77 .87
35 #e.90 #.96 -34,96 -1¢@ .36 -55,18 -26,91 Tholg
36 g.68 fe.96 -3,72 24,34 28 .19 3454 26,94
37 folt7 #.96 -15,47 -55,93 -5,43 8497 48,84
38 g.25 #.96 -21,59 -168,91 -41,09 -3,19 1318 oo 1
39 2,63 1,12 -20,99 -111,3¢ -27.55 ~-5448f 128,9¢
Lg 2,41 1512 -1,91 -8L451 -14,66 -23 .04 86495
41 2.19 1,12 -2,78 -88,69 -19,44 -37.81 162,68
42 1,98 1,12 -13,33 -61,27 -16,540 -56,41 168,19
43 1.76 1.13 -21.41 -36.08 -1g.01 -63,28 111,94
Ly 1,55 1,13 -17,54 -27.75 -1,8¢ -57427 141,74
L5 1.33 1,13 -15,35 -43,22 1,62 -36,39 74423
46 g 11 1,13 -5427 -68,8¢ 5429 -11,63 72.28
47 #o.90 1,13 23,68 166,37 61,63 2 il 81,28
48 f.68 1,14 7.1¢ 9,86 31,51 -50.0¢ 89,66
Lq Y lo14 -5.73 -99,12 -5.0L -26,33 104,24
5@ fe25 1,14 -3,92 -106,.06 -6,240 -33,76 116,72

23



RUN 3

CHAMBER PRESSURE=117839

ELEM
NO,

51
52
53
54
55
56
57
58
59
6¢
61
62
63
6L
65
66
67
68
69
74
73
72
73
74
75
76
77
78
79
8¢
81
82
83
8L
85
86
87
88
89
qg
91
92
93
94
95
96
97
98

99
1¢¢

COORDINATES

R y4 RR Y44
2.63 1.3¢ -2.93 -77.12
2,41 1,30 -6,66 -26,37
2.19 1.3ﬁ 1”.15 -9075
2,087 1,39 26,96 ~5.06
1.76 1.3“ 26.66 -24059
1,55 1,38 17,83 -52,61
1.33 1.31 -SQL"L’ 15.72
1.11 1,31 -9, 42 24,75
f.9¢ 1,31 -5.,68 -41,35
g.68 L3l -2f 453 -99,99
Jels7 L P -35,03 -126,91
fe25 1,31 -34,33 -32,12
2426 1,49 42,59 fe.83
2,05 1.49 7722 -1,8¢
1,85 1,49 113,63 28,89
1,65 1,49 49, 2§ -50435
1,45 1,49 . ] 5¢67
1025 1.49 -3.53 7.21
1.85 1,49 -18,73 1,47
g.85 1,56 -19,36 -26,94
ﬂ.BS 1.5¢ -24017 -76059
Bolts 1,58 -38,51 -176,18
#4205 1,50 go0 )
2,44 1,67 fof )
2 ;22 1 LB B8 g8
2,08 1,67 [/ g0
1,78 1,67 33,99 -3,53
1,57 1,67 -1,46 3,88
1,39 1,65 -7 42 -2.08
1.13 1.66 -13.17 -13.88
Fe91 1.66 -17,12 -364,64
f.69 1,66 -16,98 -78,89
fe52 1,66 -f.54 =118,14
fe25 1,68 gof go0
2,63 1,86 Bo0 go0
2,41 1,86 o Be
2,24 1,86 /Y] )
1.98 1.86 -3075 -ﬂoqs
1,76 1.86 -1,66 2452
1.55 1.86 -4.56 -1¢.37
1.39 1.86 -5.15 -25.77
1011 1.86 -906¢ -42069
ﬁ.gﬂ 1.86 —6.4” -64075
¢068 1.86 -1.15 -85.77
d 552 1 587 foff g
fe25 1687 fef fof
2,63 2,84 o8 )
2,41 2.04 ] B8
202¢ 2o¢q -¢.24 ¢o77
1.98 2.“”’ -¢.85 ¢o71

STRESSESCKPSI)

1T

2,12
19,18
36,49
51,17
60,90
65469
28. 12
35,33
21,62

3,56
4,36
32,08
79,74
98,12

121,96

162,11
26,29
27,97
26,69
24,94
15427

-12,43

Ao

goff
gof

[
86,68
26435
26 4ff
25,88
23571
17,43
14,34

)

g0

Bo

e
24,36
27 412
25,91
24,98
23,08
22,48
21,68

RZ

-58,38
-60.7¢
-47,12
~35458
-2f .46
2422
7.23
-25,85
-LP,73
-31,23
-44071
-51,54
-16,94
-2f,38
-32.83
-3. 79
3,46
o7
-15,¢7
-39,24
-45,47
-51,83
)
Bof
ge
fod
-34,65
1,83
-Soﬂg
-19,68
-36495
-42,88
=20, 1 g
fod
g0
B
foff
-6426
-goqg
-5.61
-19,99
-35,40
-31.95
-12,75

MISES

126,88
112,33
9¢,96
78465
82,52
143,14
31,95
6f.38
89,27
1£8,32
134,94
116,62
74,40
97,87
145,04
134,24
24,75
27474
47,27
83,49
11120,,1 B
176,85
god
g
go0
g0
98,81
25,63
32,71
52,1¢
83,31
112,54
136,91



CHAMBER PRESSURE=117839

ELEM
NO,

1¢1
182
143
184
145
146
147
148
149
11¢
111
112
113
114
115
116
117
118
119
124
121
122
123
124
125
126
127
128
129
139
131
132
133
134
135
136
137
138
139
144
141
142
143
144
145
146
147
148
149
150

COORDINATES
R v
1,76 2,84
1,55 2,84
1.39 2,84
Wa 2l 2,04
g.90 2,04
f.68 2.04
fe52 2.85
fe25 2,85
2.63 2,22
2,41 2,22
2,28 2422
1,98 2,22
1.76 25272
1,55 e, 22
1,39 2,22
Ll 2312 2
#.90 2%.22
f.68 2422
fe52 2423
Be25 2,23
2.63 2,48
2,41 2. 4g
2,28 2.4
2.087 2,48
1,76 2, 4g
1,55 2,48
1,39 2,40
1..JM 2,4
fe9f 2,48
#.68 2,40
fe51 2,41
fe25 2,41
2,15 2,48
1,94 2,48
Tre 3 2,48
1452 2,48
1,39 2,48
1,89 2.48
#.88 2,48
ge67 2.48
fe51 2,49
fe25 2,49
25 27 2,68
2,05 2,68
1, il 2,68
1,62 2,68
15,319 2,68
1,19 2,68
¢087 206¢
fa.75 2,60

RR

-¢025
6.1k
-“o8¢
-¢058
1,23

TEE®E e~ wWoEEE W™

VWM E ™M WUVOE ~ R SR ™
=™ 00 00 OY N

|
=
]
N
W

-8, 44

25

RUN 3

fel5
'ﬂ037

553
-2,12
‘17.64
-38065
-5.91
-2049
'1097
-3.6¢
-13.34
-29.24
-8.,84
-6.11
=3.41
-5.13
-14.88
-17.,32
-12,87
-7043
-4 4,36
—“.7¢
-7497

STRESSESCKPSI)

TT

26,12
22,32
22,25
26,20
26,52
go8
)
g0
g
-2,56
47,07
25,13
24,19
3a12
ge8
gof
fe8
fof
-4,26
29,94
34,59
25457
28,68

go8

goff

gof

-5.68
19,94
24,18
25,56
28,14
25,58
14,95
17455
18,86
29, 22
23,61
23,78
12,93
14451
17.31
19,38
21,32
23 L4k
18,47
13,45
15,72
17,93
19,4l

RZ

-3.34
-15,24
-3“.72
-23,16

=9 539

gof
fof
Boff
e
3.16
-32.89
-25,71
-18,51
-8099

gof
5685
2817 2
32,47
L3
She2f
59,81
21,84
23,29
28,454
36465
42,87
49,72
19,42
224415
254167
3Fe24
34,452
36,87
28495
21.29
22,69
24,89
27.48



CHAMBER PRESSURE=117839

ELEM
NO.

151
152
153
154
155
156
157
158
159
164
161
162
163
164
165
166
167
168
169
17¢
171
172
173
174
175
176
177
178
179
184
181
182
183
184
185
186
187
188
189
194
191
192
193
194
195
196
197
198
199
2¢¢

COORDINATES
R VA
g.51 761
ge32 2.61
2,45 2,78
2,25 2.78
2.06 2,78
1687 2,78
1,67 2,78
1.48 2.78
2,63 2,96
2,43 2,96
2,24 2,96
2,85 2,96
1,86 2.96
1,67 2,96
1.48 2.96
2.63 3,14
2,43 3,14
2 24 3.14
2.85 3414
1.86 3.14
1,67 3414
1,48 3,14
2.63 3,32
2,43 3532
2424 3432
2,85 3432
1,86 3432
1,67 3¢ 32
1,48 3,32
2,63 3.58
2,43 3,58
2424 3,50
2,87 3,58
1.86 3458
1.67 3458
1,48 3,58
2.25 3469
2,86 3469
1,86 3,69
1,67 3469
1,48 3,69
2,44 3,87
2425 3,87
2.85 3,87
1.86 3,87
1.67 3,87
1,48 3,87
2,63 4,86
2,43 4,86
2,24 4,06

RR

#.63
Feb62
L.fg
1,32
3.89
2,43
1.40
~44,19
2,78
1,98
fe92
-3.9"*
-4.25
-1,71
#.68
fe58
~1,13
-1,94
-1l 44
-l.lﬂ
B85
#.38
-¢037
-ﬂ.ﬂg
~fo24
-ﬂcgu
fok9
goug
g.38
g.91
fe55
1.4¢
1,22
g.u8
gotil
2,¢8
Le25
2,43
1,27
Bol7
-1,68
fe56
Be70
.28
-¢097
-gous
-ﬂogs
g.87
Bollk
~f.26

RUN 3

Y4

-9.97
16,29
-9095
-3.96
Ty
-4,86
-5.08
1.03
1,19
-1,76
-¢062
~6.08
~2,22
1,64
1,82
3.”9
sty 17
-3.96
~1, 4k
l.49
3024
5.50
-uo78
-3.3¢
-f.53
1.97
3485
6,31
-7.¢5
~2,85
g.84
-2498
3.98
6.16
-8.54
~3.,36
3.01
3.67
3.45
595
-4,15
go.83
3.80
583
-1.,87
-1,29
Be72
.41
5469
-1.048

26

STRESSES(KPSI)
TT

21, 79
8,76
12,58
17.89
16,23
W7NS\7
19,57
14437
14,53
15,02
17.22
454
6677
18,19
12,56
14,83
3,84
434
5.98
7.96
18,15
12,56
2,97
3.85
5,14
6,70
8 g
18,43
1,64
3,26
4462
5,96
7.85
8,49
fFo71
2,84
5.L+7
5.50
5451
6,81
Fe32
2,59
4,19
5429
#e25
g.8¢
1,67
2,83
L.@2
g.18

RZ

-3.31
-1,29
~3.,42
-7oﬂ2
-7.77
-scgﬂ
'2047
-7.98
-9069
-5.87
~2,27
-5."{’9
-3.¢1
-50¢3
-4,33
-1073
~2,98
-3.14
-2,.,26
-2,19
-1,96
-¢o82
-1,98
-2071
-1,79
-ﬂcgu
-¢036
-ﬂ.ﬂS
~1,49
-205¢
-1,55

fo.28

goti2

go.20
-¢.58
~-1,33
-1,97

1,681

gel6

ge.89
-24,77

B.29
'¢o¢3

ge1
-1,53
-¢058

B.67

Be57

ga.20
-f.78

MISES

28,57
22,24
28457
22 23
22,48
22,38
22,648
18,83
28499
18,33
1757
13,64
11,43
13,74
13,61
1,151
8.7¢
9,26
8439
8.94
9,56
14,69
7.56
1al7
6e3k
6,16
6.91
8473
8e50
6.87
4,76
4,36
5.11
7.15
9,16
6¢29
Lo@3
3,19
3469
596
6.17
2,39
3631
538
3.23
2,78
1,94
3,24
4,94
1,75



CHAMBER PRESSURE=117839

ELEM COORDINATES

NO, R yA RR
2ﬂ1 2o¢5 qoﬂG -¢035
282 1.86 L,@#6 .87
293 1,67 13 f.18
284 1,48 L.g6 g.16
285 2,63 b2l g.89
206 2,43 424 -g.86
287 2,24 he24 Bel3
288 2,85 ho2h g.18
289 1,86 ba24 ge2u
21¢ 1,67 o2 .27
211 1,48 4 o204 Fel2
212 2,63 Lol 2 goll
213 2,43 bolt2 B30
214 2424 bol2 gel5
215 2,85 bolt2 fe30
216 1,86 ol Bolt3
217 1,67 bhokl2 fal2
218 1,48 baly2 Bel2
2il'9 2,63 4,68 fe53
22¢ 2,43 Lob6g #.86
221 2,24 4,60 fga71
222 2,47 4,68 g.28
223 1,86 4o6f gef9
224 1,67 L,6g ~g 7
225 1,48 4o,6f ~fe17
226 2.25 4479 gt
227 2,86 4,79 )
228 1,86 Lbe79 -f.12
229 1,67 4479 ge19
239 1,48 4e79 ge85
231 2.44 4097 -¢.15
232 2,25 44,97 -f.f3
233 2o¢5 4097 'ﬂoﬂq
234 1,86 44,97 ~Fef5
235 1,67 4,97 g.08
236 1,48 4,97 g.89
237 2,63 5lel 6 -f.83
238 2,43 5.16 =L
239 2424 516 [/’
24¢ 2.85 5,16 gog2
241 1.86 5516 gef2
242 ¥:67 5516 o2
243 1,48 516 g.01
244 2,63 5¢34 -g.01
245 2,43 5e3ML Boffls
246 2,24 5e3lL fFel2
247 2.85 5¢3L4 g3
248 1,86 5e3k gapl
249 1,67 5634 Bsll
25¢ 1,48 5¢34 )

27

RUN 3

ZZ

-1.,84
-¢o28
1Y 22
3,11
5.1¢
-1,18
-E.SQ
Boltlt
1,62
2,87
Le29
-1,67
'¢022
1,18
1,99
2,52
3.46
-1,93
'ﬂozl
2,25
2,33
1,83
2,83
-2,64
-ﬂoqs
1,65
2,28
'¢o3¢
-¢057
-¢017
1,81
1,78
-folb
-f.15
-f.11
#.19
fa71
1,18
-ﬂ.2ﬂ
-f.g1
Be23
Foltl
Be55
feblt
-¢o36
fel2
fe56
g.6¢
ge37
Be22

STRESSESCKPSI)

TT

Be27
#.69
1,26
2510 2
2,94
-E.ES
Fe18
Be52
#.96
1,47
2,08
'ﬂoqﬂ
ga.85
Bolt3
g.78
1,84
1,36
'¢o63
'ﬂoﬂs
#.73
Be77
geltb
Be78
-1,31
'ﬂoss
#.86
#e25
-ﬂosg
'ﬂosl
'ﬁoss
-kl
'¢017
-EOSS
'ﬂosl
-¢o63
'¢063
-f.68
-ﬂ.S“
-EOGS
'ﬂoss
-f#.66
'¢o69
'¢o75
-f.84
'¢o76
'¢068
-f.66
-go72
-E.SQ
-1,12

RZ

-#.68
-ﬂ.ﬁl
Be77
#.89
goltl
-f.u8
-folt8
fael7
fe.88
1,02
fe52
-¢o3q
g k5
#e.16
1,12
14
#oll
'¢013
'ﬂozs
—ﬂ.lS
1,58
Be75
g.31
-#.53
1,32
g.65
Fe26
-f.21
'ﬂogs
#.92
.81
fe31
-fo1lk
—ﬂ.lﬂ
Bel5
f.61
fe71
fle35
-f.12
-fel2
Bel5
Be51
Be59
£.30
-f.12
-golg
Bef3
 B.58
Belt7
Bel7

MISES

1,64
Be85
1si71
32
by lt2
l.4g
1,12
goli3
1,94
2,87
35712
1,69
g.98
#.96
2,46
2.59
3.82
1.86
#.8¢
1,56
3.85
1,96
2,52
2,88
2,33
1,96
Bsi2.1
Fe55
#.78
)
1,92
1,96
Ba55
g.55
g.69
1,32
1,67
1,65
fab61
#.69
g8k
15318
1.52
1,38
Ae73
#.86
1,96
14k
1,41
1,28



CHAMBER PRESSURE=117839

ELEM
NO,

251
252
253
254
255
256

COORDINATES
R Z

2,63 5452
2,43 5.52
2,24 5.52
2,85 5 52
1,86 5,52
1,67 5452

TETR || ™

RR

| V™

V= F 0™~

RUN 3

28

STRESSES(KPSI)

17T

-f.84
—¢o7ﬂ
-g .46
‘ﬂ066
—102¢
—lnqﬂ

RZ

—¢0¢6
—¢.13
-g.21
go55
ge15
ge.p2

MISES

g.8¢
g.9t
1,35
15613
1,24
1439
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Figure 7. Geometry plot - Run 3.
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Distortion plot - Run 3.
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Figure 8.



Figure 9. Stress plot - Run 3.
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CHAMBER PRESSURE=117839

ELEM
NO.

N b=t bt Pt bt et Pt b et et Pt
WO ONIOTVMIPFTUWNEFEFRRWOONOWNM P WD -

WRNMNDMNDNNNDNDN
WO OV TWN =

W W W
W N =

W W
v =

F W W W
WO 00~y O

F¥FFFFFFFEF
OLOoONOWVI FWN -

w
=

COORDINATES
R %
2.62 f.68
2.41 F.60
2,28 g.6g
1,99 .60
1,78 F.60
1,57 .68
1,36 Feb1
1,15 F.61
B9l fe61
Be73 Fe61
Fa51 fa.61
B30 Fe61
#.P9 feb61
2,62 .79
2,41 Be79
2,20 Be79
1,99 .79
1,78 Be79
1,57 .79
1,36 Fe79
1,15 ge.80
Be9lk .80
g.78 g.80
fe51 g.80
Be38 #.80
g.09 g.88
2.63 F.95
2,41 Fe95
2,19 Fe95
1,98 Fe95
1,76 #.95
1,54 fe95
1,33 #e95
1,11 Be95
f.98 Fe95
f.68 Fe95
Balt7 #e.95
fe25 #.96
2.63 1o 12
2.41 1,12
2.15 1,12
1,98 il 512
1.76 1,13
1,55 1,13
1,33 1.13
0 | 1,13
fe98 1o1:3
.68 1,13
Bolt7 1413
fe25 1,13

RR

3,41
4481
-1¢035
-3@47
-44,98
_45017
-38.65
—33.19
-61,57
-84035
-92.¢8
-744,18
-1,83
—¢087
2,79
-6o14
-19,81
-28,84
-43,26
-51,89
-49,99
-55.¢7
-56.56
-67.3¢
-14,21
-¢.¢8
124,25
-3427
-14,66
-21,61
-3“.92
'410¢9
-Qﬂ.?#
-Q¢.58
-33.28
-1,27
—3025
2,16
-12,82
-2.55
-11,86
-21,14
-27,4,62
-28,76
-27412
-14,429
17.67
15.87
be65
1,22

RUN 4

Y4

3,58
-29,14
-9”.9”

-119,42
-117.,82
-9¢|18
'3”.”3
-25,16
-85,63
-1174,39
-117.56
-1§3,18

“.56
'qqogg
-93.88

-114,08
-1g4,51
—75052
42,72
-45,22
~784.96
-1¢5.¢5
-113,40
-132,29

Selth

-58.¢9
-1¢5.96
-1¢8.¢9

-84, 46

-68.1¢

-53.37

-53,98

—73.32

-94,439
-124,09

6e5h

-Sgolg
~-151,82

_98044

-61,59

-65,21

-66,81

-57.08

-66.85

-82,69

—97.36

93,32
16.63
-69,25
—59042

32

1T

-4.55
-14,95
-41,26
-6¢092
-68.59
-65,16
-46,48
-47.¢1
'780¢5

_1¢3.¢¢
-115,98
-142,88
2,93
-11,53
-28,18
-42,17
-48,56
-46,4,92
—43.75
-45,425
-53.74
-67.83
—8¢.¢“
'116097
9,58

-8.,81
-224,73
—33062
—33.54
-33067
-34.37
—34092
-39,49
—46 454
-6¢069

13,44

6411 1
-3“.¢¢
-27,88
-14,84
-21,16
-22.5¢
-23,94
—260¢¢
—3¢.12
-37|8¢

4l o 36

23,56

-8,.,19

-7.83

STRESSESCKPSI)

RZ

6oltl
-7.52
-16,4,97
-8.85
~-7.8¢
1,11
12,75
-18.89
-23,45
-6,67
-7o¢1
-17.08

4e5@
-7.23
24,44
~-27,.,68
-14,71

3,90

1,64
-23,31
-32,46
-21097
-22,98
-36.39

2,55
-1,55
-26,4,41
—44,73
-22,25
-6496
-1¢o76
-24,85
-31,25
—26 4k

Be95

1,64
-15,12
-61,2¢
-22,4,96
-17,68
-19,22
-264,15
-29,92
-26,46
-14,55

1,84
68475
—340¢5
-26,89

MISES

13,73
32,28
76.28
79479
65483
42,86
27.93%
37,91
45,87
30.93
27454
66,66

9,69
4g.96
95 4 Lg

186,58
78,84
41,95

2,91
4g.92
62,49
59,83
63,49
86423
18,41
54,24

114,748

121,36
73,46
43,58
26.“2
46422 °
63,62
68,61
9g.83
12,82
SheSh

141,98

132,32
674083
58,12
48,32
55,10
65,19
78.94
78433
66453

145,48
97 4 30
73434



CHAMBER PRESSURE=117839

ELEM
NO,

Bl
52
53
54
55
56
57
58
519
6¢
61
62
63
6l
65
66
67
68
69
78
71
72
73
74
75
76
77
78
79
8¢
81
82
83
8L
85
86
87
88
89
9¢
91
92
93
94
95
96
97
98
98
199

COORDINATES
R z
2,63 1,38
2.41 1. 38
2,19 1,38
2,87 1,38
1.76 1,348
1,55 1,38
1,33 1,38
Ikl 1,38
ge9¢ 1,31
f.68 1,31
Bolt?7 1,31
Be25 1,31
2425 1,49
2,85 1,49
1,85 1,49
1,65 1.49
1,45 1.49
1,25 1,49
1.85 1,49
#e85 1,49
Be65 1,49
Bolt5 1,49
#e25 1,49
bk 1,67
2422 1,67
2,86 1,67
1.78 1,67
1.56 1067
1,35 1,68
Ve 13 1,68
g.91 1,68
fe69 1,68
Bolt7 1.68
Fe25 1.68
2.63 1,86
2,48 1,86
2419 1,86
1,98 1.86
1.76 1,86
1,55 1.86
1313 1,86
1,11 1,86
g.98 1,86
f.68 1.86
Bolt7 1,86
#.28 1,86
2,63 2,84
2,41 2,04
2.19 2.04
1,98 2,04

RR

"7.”3
-12,82
~15443
-14.48
-12,95

-7022

-8454

'ﬂosg

13,37

447
5.36

-ﬂ.ﬂg

~3477

-4 4,92

"'3.5”

-1,.89

ga.21
ga16

-6,.82

3031
12,81
16,66

7.88

L,9bL

Leff gl

be75

3482

‘golﬂ

-1,87

-f.88

2,34

8425

12,12

12,01

11,42

12,13

13,31

9,85
‘ﬂogg
'202ﬂ

Be77
-1,11

4,32

18,99

13,71

17,14

21,83

24445

15,51

-1l,41

33

RUN &

ZZ

-57435
-54074
"57.36
-64023
-72058
-74,89
5.03
24, bk
-23.58
“52.93
-53.25
-51,46
-49,27
‘5“.24
"53.96
—57.1ﬂ
ottt
20
~1439
-15,57
~-38,36
‘47072
-45457
-41,28
‘38.57
‘390”2
—4¢.ﬂ6
1,39
-6.57
~-14,65
~24,77
-36487
-42,32
~38435
-34.68
=-25,57
-25,41
~26459
2,88
-124,43
-24,87
"31.81
-37062
~Lge27
-31.ﬂ5
~-18,79
-12,01
-12,29
-17.52
L,18

STRESSES(KPSI)

TT

-1¢.98
-12,26
-13,46
-14,94
“16.3"*
-19,51
1.68
22,14
13,45
2,36
—ﬂ.lq
-2,14
-2,71
-2,.,84
-2,8¢
-3e59
12,94
13,66
13,18
14,65
11,48
7412
625
6667
8.21
14,38
14,49
144,84
13,93
13,42
13,23
12,55
12,23
13,35
16 22
2 .82
24,54
32435
16,86
13,94
12,82
11,84
13,65
15,86
2@ 43
27432
3hok7
41,25
52,19
18.2ﬂ

RZ

-26,429
-28.04¢
-29,.44
~26,415
-22,66
-11,62
1,23
~29495
-46,32
-37042
=58z 22
‘32029
-31,42
~-28,41
-21,58
-9.42
2,05
'ﬂosq
=32 5/3:5
-35.88
~4f 34
“37.44
~36436
‘33.56
~28,11
~19,8¢
-8427
1,77
-1,19
~-12,36
-27477
-35.72
~38.,38
-38,19
-33,98
~-26,4,16
~-16,36
-5089
1,76
Pe85
10,459
-244,32
~29,62
‘35.53
-37.36
-31,19
-21,75
-11,63
2,74
Be77

MISES

66458
64e29
66414
6712
7804
65,68
17.18
57426
88,34
87476
8f .33
7'5..27
71,28
67.64
63.¢8
564,78
15,0 1
13,51
27.89
6753
85,87
86,13
82,06
74482
66,18
58.#5
51,84
14,58
18,49
32448
58,83
77495
85,485
83,54
73.9¢
61,92
53,17
52,42
16455
23,08
38405
57438
69,02
81,78
87 .86
68.q'ﬂ
56414
51,46
6F.58
17455



CHAMBER PRESSURE=117839

ELEM
NO,

141
142
1§13
194
145
146
147
148
149
114
111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
027
128
129
13¢
131
132
133
134
135
136
137
138
139
149
I
142
143
144
145
146
147
148
149
158

COORDINATES
R Z
176 2,84
1,55 2,04
1,33 2,84
| 2,04
#o.9f 2,084
F.68 2,04
Bolt7 2,04
¥+ 25 2,84
2,63 2l, 22
2t 1 25,22
219 222
1,98 %22
1,76 R22
1,55 L)
1,33 )
k| 2,22
g.9¢ 2322
#.68 2,22
Y %Ua 22
Be25 2.23
2,63 2,48
Due i1 2,48
2,19 2,40
2.7 2,40
1,76 2,48
1,55 2,48
1,33 2. 4f
leet142 2,48
g.98 2,48
.68 2. G
Y LT
fe25 2,41
2,15 2,48
1.94 2,48
1,73 2,48
1,52 2,48
1,39 2,49
1,14 2,49
.88 2,49
Fe67 2,49
fe52 2,49
#e25 2,49
2.27 2,68
2,85 2,68
1,84 2,68
1,62 2,68
1,48 2,68
go54 2,61
fe32 2.61
2,45 2,78

RR

-4,88
=5, 44
-8,61
-2465
4el5
14,18
25,93
Lg.77
41,52
25,86
6,91
-8.75
14,67
15,44
2,26
43,83
59,22
74451
29,98
-5.26
-4,439
15,95
31,78
18,55
-5.4¢
-b.66
1156
14,97
12 556,
-2,89
-209¢
-7.97
_9.13
-8427
-1,21
'¢089
-3432
-4,63
-5.32
-209¢
-f.61
-f.21
'¢036
-1,11
-ﬁ.sq
-¢032
golt2
f.29
2,66
822

RUN &

zZ

13,39
43,49
32,61
39,83
42,11
22,90
= ;204
-f452
-2,58
12,58
31,82
36,35
Lbu,94
53,42
15.08
4,94
-1,01
12,47
14,85
19,95
-g,18
42,31
80.73
-1057
5.18
8.96
-1,27
23,52

'68.¢9

-1,98
1,82
#.38

—5.“7

-22.1‘*5

1,34
-3.99
-3.¢7
-3.25
-8.8f
18,58
27,84
-7.41
-5043
-6.¢3
_9.19
14,55
18,88
14.03
-8.1¢
-7.88

34

STRESSESCKPSI)

TT

14,16
7.08
11,17
14,77
18,14
28,94
43,67
54,80
61,33
72,27
Bi6e 11
14,58
1831
13,54
37423
63.88
7l 56
83.62
84.98
26 44
25,16
13.29

1,67
77.088
18,82
ZH, 515
20 .64
18,72
8,91
14,54
16,87
17,15
18.“1
17,38
17.83
13,04
14,13
15,84
16,62
17,32
18,03
11,49
113%.315
14,61
15,81
16,51
17,96
14,39
12,76
15,45

RZ

1,34
-44,96
-22,86
-18,92
-3f4.91
-31.,42
-2f.27
-13,68
743
-1,39
—17.““
-18,61
-12,4¢
-28,90
-18,41
-2,53
-4,08
-11,17
-5.3¢
-6,87
-22,1¢
-20,28
-37.38
-9069
-3.49
-6 k7
-18,.4¢
24,21
-21,99
-2,51
-3.94
-8,24
-15,69
-19.51
-11.,47
-1,98
-4,92
-9. 4
-13.¢1
-13,39
-6453
-2,12
=15k 2 1
-8.¢3
-14.52
-9.55
-q.¢3
'¢097
-2,83
-bebl

MISES

24,54
46436
54,86
STl >
76,45
78.91
56415
55,16
58,11
73,68
L e67
54465
5S4, 84
76473
56418
52,09
67.63
78421
82,88
31,35
47424
59,62
96,67
72.66
21,88
26,92
42423
56,31
78,66
17,54
19,14
26,436
3754
48457
55¢4f
16,44
19,31
25,26
32,82
38,80
41,53
16,93
19,.¢9
23,29
28,56
31,61
32,67
17,76
18,72
23.68



CHAMBER PRESSURE=117839

ELEM
NO,

151
152
153
154
155
156
157
158
159
164
161
162
163
164
165
166
167
168
169
17¢
171
172
173
174
175
176
177
178
179
189
181
182
183
184
185
186
187
188
189
198
191
192
193
194
195
196
197
198
199
20¢

COORDINATES
R 2
2.25 2,78
2,86 2,78
1,87 2,78
1,67 2,78
1.48 2.78
2.63 2,96
2.43 24,96
2424 2,96
2.85 2.96
1,86 2.96
1,67 2496
L8 2,96
2,63 Je1kt
2,43 301k
2.24 3.1l
285 3,14
1.86 3,14
1.67 3.1k
1,48 3,14
2,63 Bt 82
2,43 Bie 312
2,24 Bl 3 2
2.85 813,512
1,86 3632
1,67 3.6 512
1,48 3,32
2,63 3450
2,43 3.5
2,24 3458
2.07 3.50
1.86 3,58
1,67 3458
1,48 3450
2,25 3,69
2.06 3,69
1,86 3.69
1,67 3469
1.48 3469
2.4k 3,87
2425 3487
2.85 3,87
1.86 3487
1,67 387
1,48 3.87
2463 4L.@6
2.43 4,@6
2424 L.g6
2,85 L.@b
1.86 4,46
1,67 4,g6

RR

2,31
1,79
#a78
-3.41
2,88
1,75
#e85
-3.84
'4077
-2,46
Be77
#e57
-1,13
'2e¢5
'logﬂ
'1058
'¢012
fe37
'ﬂoqﬁ
'¢027
-ﬁ.S“
-¢o35
ge30
#e35
fe26
go8¢
Bolt7
#e89
1.86
goltb
#.39
2.87
4 L4t6
2,32
1,26
Bolt7
-1l.74
fo78
Be77
fe32
-1,19
-f.84
-fo24
Boll
gel7
'¢o33
-¢.5¢
'¢013
g0
fel2

35

RUN &4

74

-9.55
“9.97
12,71
5657
1,28
-6.U45
-7.26
-5451
-1,42
1,11
-1,61
=2,56
'qoﬂﬂ
-3079
'1051
g.30
Bolth
#e99
-4,67
-3.43
-1,11
go60
1o bk
2,78
'6099
-3025
-¢.15
l.4g
1,92
342
'8053
=5« 912
1,54
2.03
1,91
3479
'2099
Fell
2454
4,19
-2,11
-1,24
#.69
2,68
Le58
-1,29
-1,24
-¢.39
loft
2,63

STRESSESCKPSI)D

T

14,28
15,88
16,97
12,53
15,26
14,14
15,66
5,41
7459
14486
12,54
14,84
4,61
5is, 1.3
6e71
8452
18,408
12,35
3475
L.6f
5484
7028
8481
14.6¢
2,45
Lol
5.38
6456
7456
8493
1,55
3459
6.09
6.8
6419
7.48
1,49
3.67
4,90
5.99
Be75
1,42
2447
3.61
Le76
ge61
fo7k
1,24
1.9¢
372

RZ

14,71
-7e51
'30¢3
-6,92

-12,26
-7.17
-2.78
-5.14
-3.11
-6,489
-5091
'2032
-2,85
-3.16
-2,77
-3.48
-3e31
-1,45
-1,96
-2,86
-2,38
-logﬂ
~ 144k
'¢057
-105¢
-2,66
"2.”8
-fF.72
-f 8
-¢018
'¢o6¢
-1l,41
'2031
-fel7
'ﬁosq
-fe20
-3.¢1
'ﬂogq
-f.69
-fe2k
-1,78
-#479
'ﬂogg
'¢o¢7
-¢.¢5
-gogq
-¢088
'¢027

Fe33
Bolt5

MISES

27476
25,92
26427
18531
25.83
21,83
20469
13,53
12,31
16,69
16,65
15,79
9,65
9,84
9,69
11,648
11,75
11,95
8.0k
8458
786
7.92
8439
9,33
8.9“
7.81
6e30
5457
6,18
7e45
9,64
729
5465
3.85.
4,73
6ef1
8%.97
3,66
3.78
5.83
3499
2,83
2.39
3,11
4,46
2,31
9rs 5 1
1,59
1,75
2.67



CHAMBER PRESSURE=117839

ELEM COORDINATES

NO, R z RR

2¢1 1,48 L,g6 Foll
242 2,63 4e2k -f.09
293 2,43 Lho2k a8
204 2424 bg2l g.f9
285 2,85 424 fe16
206 1,86 4e24 #e25
207 1,67 424 Bolk
2¢ 8 1,49 4e2l Fel2
209 2,63 bob2 fe32
214 2,43 bol2 .16
211 2424 442 Fe33
212 2.85 442 Folib
213 1,86 L k42 Fel15
214 1.67 4ol2 Bolls
215 1,48 Lol2 fe65
216 2,63 4,60 1,16
217 2,43 Lo6f Fe83
218 2,24 4o60 fe36
219 2,87 L,6f foel2
22¢ 1086 qoeg —¢059
221 1,67 Lo6g -f.08
272 1,48 4,60 go1p8
223 225 Le79 fefi3
224 2.06 Lea79 -fe24
225 1,86 Le79 o7
226 1,67 Loa79 gef

227 1,48 Lea79 -fo 1k
228 2,44 4497 -f.082
229 2,25 Lo,97 -f.07
234 2,05 4,97 -f.11
231 1.86 4,97 faf3
232 1,67 4497 Bef5
233 1,48 4,97 'YL
234 2,63 516 -f.83
235 2.43 5.16 '¢o¢2
236 2,24 Sie 116 a1
237 2,85 516 -f.f1
238 1,67 55116 gaf1
239 1.86 5.16 g8

24 ¢ 1,48 5,16 Bof

241 2,63 5434 Beff5
242 2,43 5034 Fel5
243 2424 5¢34 ol
244 2,85 53l Bef6
245 1,86 5634 fel5
246 1,67 5634 a1l
247 1.48 5¢34 .08
248 2463 5¢52 #e36
249 2,43 5452 Be72
258 2424 Se 512 fe57

RUN &

#e95

STRESSES(KPSI)
i

3,68
fe33
go61
1,02
1,52
2,09
2,78
‘ﬂogg
goltl
fe89
1,38
1,61
2,00
‘¢038
fo32
15125
le24
Fe.98
1,34
—1.¢¢
-fe22
fo58
fe75
~fo bl
‘¢039
-f435
'ﬁoﬁu
fe26
-¢.45
'¢047
~fol5
-fe39
-¢03¢
'¢018
_¢056
'¢053
‘gosﬁ
-¢.51
-ﬁoqg
-¢.56
-¢o71
-¢.58
—¢051
—ﬁ.sq
-Fe69
‘¢092
-¢082
-¢061
‘¢028
—ﬂ.“?

RZ

Fo2k
—¢.6¢
-f.68
‘¢o¢8

fe58

Fo7lt

fe39
-fo bkl
-g.b6l
—¢.¢6

fe.98
fe85
fe36
'¢017
‘¢036
‘¢038

1,34

g.60

fe25
-¢o76

1,86

go58

fo2f
-¢036
-f.13
fe88

Bo78

Be27
-fe22
—¢.19

g.89

Ba57

fe68

fo3l
~-fo18
‘¢o2¢

Y

fa.61

Bo5¢

fe31
'¢017
‘¢o27
‘¢o¢2
-¢.54

Fe52

Bel9
_¢o¢7
‘¢017
-¢o27

f.63

MISES

3,96
1,91
1,72
#e87
1,65
2,45
3435
2,24
1442
go8¢
2,03
2,16
2,78
244l
1,23
1,11
2,53
15515
2422
2,26
1,87
1457
1,95
f.66
f.66
1ol
1465
1,76
fa51
golib
floltls
1,12
1,54
1,48
Be57
g.61
#.66
1,42
1,19
1,22
F.76
fe82
Fe97
1okl
1,35
1,12
#.88
g.9¢
1,34
1.68



CHAMBER PRESSURE=117839

ELEM COORDINATES

NO. R z RR
251 2.85 5652 Fe86
252 1,86 5¢52 -fo.f4

RUN &

z

gaf2
fofilt

37

STRESSES(KPSI)
TT

"'10¢7
-1,26
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Figure 10. Geometry plot - Run 4.
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RUN 5
CHAMBER PRESSURE=117839

ELEM COORDINATES STRESSES(CKPSI)

NO . R y4 RR 2z TT RZ MISES
1 2,62 febg 3,76 B o7 -44,59 6e82 144 45
2 2,41 f.68 6e51 -29,89 ~14,74 -6463 33,07
3 2,28 f.60 -6,77 -91,.44 -4g,82 -16414 78454
l{» 1.99 ﬂ.Gﬂ "25.1’4' -119.59 "6ﬁ.53 "8.36 83.91
5 1,78 gobf -38,42 -117,27 -68475 -7.87 70422
6 157 fe61 ~38453 -9f,54 -66,62 9,02 47,72
7 1,36 .61 -25,97 -8f.32 -50.2¢ 14,29 28,60
8 1,15 feb61 -32,91 -24,98 -53,78 -22,42 46,64
9 g.ou Fo.61 -66483 -85.01 -88,1¢ -26,89 50465

14 Ba72 g.61 -94,32 -116464 -115,.85 -9,11 27 .82
11 fe51 feb1 -1f4,73 -116,79 -13¢,97 -8.23 26485
12 B30 fe61 -84,53 -182.,28 -160,44 -17433 75487
13 B.09 g.61 -1,62 5.65 3451 5¢50 ' 153512
14 2,62 Fe79 g.f9 -43,88 -14,98 -5435 4@ .68
15 2,41 Be79 e57 -94,35 -27,71 -22,72 95,82
16 2,29 Be79 “3.44  -114,84 “41,77 -26,57 148,29
17 1,99 fe79 -16,16 -185,.,76 -48,48 -14,78 82.66
18 1,78 fe79 -23,74 7738 -47,58 1,51 46455
19 ], 5507 #e79 -39,74 -44,19 -45,65 L. fd 87l
28 1,36 g.80 -51,08 -4y4,81 -48,61 -31,21 54¢33
21 L iljS fe.88 -52,62 -764,38 -58435 -39,76 72512
22 g9k g.80 -59,81 -1f2.64 -72.,47 -26479 6f.0A4
23 Ba73 g.80 -61473 -11g .47 -86.14 -25.u45 61,03
24 fa51 g.86 -72.31 -129,45 -125,84 -36477 8L lt2
25 P30 g.84 =1 58 7.91 19,87 3.78 12,79
26 g.89 g.88 -f.57 -57487 -8,14 fe80 53,93
27 2,63 fe95 - 12,31 -146,90 -22,14 -24,32 114,38
28 2,41 B.95 -2,98 -149,64 -33,08 -43,12 121,08
29 2.19 #.95 -12,85 -87423 -32,99 -21,6¢ 76,42
Bﬁ 1.98 ﬂ.95 "17.9“’ "72.47 "33.’4‘8 -9.3ﬁ 51.25
2] 1,76 #.95 -3f.38 -56479 -34,58 -18,17 39,97
32 1-5“’ ﬁ.95 "38.89 -52.34 "35.“’5 -36.12 6“.”3
33 1,33 #e95 -41,59 -66,43 -39,18 Y 74,77
34 Tl #.95 “42,42 -87.11 -45,98 -30.88 68463
35 g.94 fe95 -33.,84 -117,78 -58,71 -23,81 818, 318
37 gols7 f.96 -5491 -57496 -5436 3.28 52461
38 Be25 f.96 -3,18 -153,91 -34,56 -12,14 139,35
39 2.63 1,12 -14,54 -1gg.08 ~264,64 -58,, 44 129,¢8
ug 2,41 1412 =2 6l -65,.89 -13,59 -20,56 6845k
41 2.19 1,12 -9,06 -73.087 -28417 -18.49 67.082
42 1,99 1,12 -14,76 -64489 -21,4,33 -26435 65465
l+3 1.76 1.13 “21.ﬁ9 -53.95 -2¢.95 -41.97 79.81
Ly 1,55 1,13 -29,81 -53437 -21,54 -4g 452 75479
45 1,33 1513 -26,434 -69,54 -22,.09 -27.79 66620
46 ;04 1,13 -11,99 -90 .77 -26,84 -12,71 715 s 78
47 #.96 1,13 19«13 95,46 48,61 658 67.64
48 f.68 1.13 14,02 15,74 26,18 -57.83 99,43
49 Bolt7 1,13 2,45 -73452 -5493 -30.31 89,422
5d Be25 113 B3 -69,09 -6,419 -23,72 77.94

41



RUN 5
CHAMBER PRESSURE=117839

ELEM COORDINATES STRESSESCKPSI)

NO, R Z RR zz TT RZ MISES
51 2,63 1,34 -3,91 -72.44 -9,48 -27.748 81,53
52 2,41 1,38 -3.,68 -66,431 ~-8,98 -41,61 93,88
58 2,19 1,38 -9,435 -32,14 -f,86 -46,95 86,01
54 2,87 1,38 -11,46 -39,27 Be77 -26434 57.83
55 1,76 1,38 -2,79 -61,48 2,31 -15,63 67483
56 1,55 1,38 -1l,u4g ~-72426 fef3 -7.,45 72,74
5% 1,33 1,39 -7439 7.78 15,37 2,94 2¢.69
58 1,11 1,31 _9, 395 24,98 26,03 -28,09 56,03
59 ¢.9¢ 1.31 9.63 ‘25.68 16.76 -43.5"* 85.”6
6g f.68 1,31 3495 -58,63 5,34 -33,23 8545k
61 golt7 1,31 -1,39 -68,77 1,25 -27.41 83,54
62 #e25 I 3 -4,92 -8d .84 -2,76 -28 .04 91,46
64 2,85 1,49 22,86 ) 33,92 -23,82 49,16
65 1,85 1,49 15,26 -38,71 0l 7 -15,08 63,78
66 1,65 1,49 6637 -62,01 18,24 -6,08 7'5 76
67 1.45 1,49 Fe25 1,91 16,74 2,66 16,39
68 1,25 1,49 -fe3k4 2,18 17.82 falg 17,85
69 1,85 1,49 -9,41 -f.02 17.39 21Kk 12 31,31
78 #.85 1,49 -1,46 -16,.88 18,59 -35,¢6 67,80
71 #e65 1,49 3455 ~42424 14,57 -38.87 8L.f9
72 galts 1,49 -1,98 -56485 18,55 -33,23 8L, f8
73 #e25 1,49 -11,11 -95.,47 ge39 -32,61 196,82
75 2 22 1,67 28,64 -22,81 31,83 -23,39 63,95
76 2.08 1,67 14,72 -46418 28,82 -9,5¢ 69,68
77 1,78 1,67 -fo34 2,53 18,41 1,98 17,82
78 1,56 1,67 -2,34 -44,99 17,85 -1,33 21,76
79 1,35 1,68 ~-3457 -13,46 1 7. o557 -13,17 35,74
8g 1,01 1,66 -2,78 24,84 17,42 ~28,72 611577
81 # .89 1,66 -§.59 -39,27 16,71 -35,76 79438
82 #.69 1,68 -1,76 -53429 15,19 -37.25 89,33
83 Bolt7 1,68 ~fe52 -78436 14,81 -26,64 91,17
84 fe25 1,68 #.92 15455 22,33 =12.21 28, 4d
85 2.63 1.86 12.55 ‘4097 27.""5 -2”.51 L"SoBﬁ
86 2,41 1,86 8465 -28,429 28,28 -1¢.,38 52,89
87 2,19 1.86 -1,25 3492 20 o 4g 1,67 19,79
88 1,98 1,86 -3.,86 -11,36 17.81 #.26 26,84
89 1,76 1,86 -7 .90 -24,27 16,96 -12,¢5 41,45
9g 1,55 1,86 ~4e32 -31,75 16,33 -26,85 62451
91 1,33 1,86 -24,37 -38,95 18,19 -31,39 73.96
92 1,81 1,86 1,91 -47,91 2¢.18 -34,.,88 84492
93 g.89 1,86 1.65 -48,09 25,38 -24,16 g2
94 #.68 1,86 1,03 6sll 12,94 -5,18 13,74
95 g7 1,86 4,49 -1,.44 17,87 -11,22 25,41
96 #e25 1 si85 5652 12,62 22,14 -7455 32,83
97 2.63 2,04 -1,51 4,97 21469 feb7 2«77
98 2,41 2,84 -4,89 -12,85 18,85 #.85 27.83
99 2,19 2,84 -4,92 -43,57 11,31 -64l43 50.09

149 1,98 2,84 -9,24 -33,56 15,49 -25,68 61,51
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CHAMBER PRESSURE=117839

ELEM
NO.

191
182
143
184
145
196
147
198
149
11¢
111
112
113
LG
115
116
117
118
119
124
1521
122
123
124
125
126
127
128
129
134
131
132
133
134
135
136
137
138
139
144
141
142
143
144
145
146
147
148
149
15¢

COORDINATES
R 4
1,76 2,84
1,55 2,84
1,33 2,84
1,01 2.8k
f.89 2.85
g.68 2,85
Bolt7 2,85
fe25 2,85
2.63 2422
2.1 2022
2., 19 2,22
1,98 24212
1.76 2122
1,55 2622
.38 2422
1,01 92,22
#.89 2423
f.68 2423
golt7 2223
#4265 2423
2,63 2,40
2 r1 2,48
2,24 2,40
287 2,48
1,76 2,48
1,55 2,40
1 &a33 2,48
1,01 2,40
# .89 2,41
#.68 2 il
golt7 2,41
#e25 2,41
2,15 2,48
RG] 2,48
1¥e¥73 2,48
1,52 2,48
1,31 2,48
1.01 2,48
#e89 2,49
.67 2 9
Foltb 2,49
fe25 2,49
241 207 2,60
2,85 2,60
1.84 2.68
1,62 2,68
1.48 2,60
1.01 2,60
#.89 2,61
#ge75 2,61

RR

‘3.¢7
1,08
#e96
foel5
2,34
2,94
7.81

-7.24

-6.79

-5.55

-2073
Fel5
1,24
1,78

-6,06

-3.,94

-13,65
-17.58
-14,74

-g.18
Fe23
Be75

-6,425

-7e51

-12,76
-12,65
-21,98

‘Boqﬂ

-3.28

-8.9ﬂ

“1¢038
‘lﬂoqﬂ

-1047

-1,01

-3.67

-5.17

-6,14

-3.,42

‘ﬂo82

‘ﬂolg

‘ﬂozg

-1,24

‘¢.57

‘ﬂ027
fe51
fe38
3.19
9,53
2,87
2,11

43

RUN 5

ZZ

37479
454,65
27.8¢
1.69
-fFo2k
“4g,13
33,99
37459
43,15
L6405
13,34
goltf
-F.16
‘¢098
20 .68
Be7l

-43,38

49,89
-9,58
‘ﬂols
Fo2u
‘ﬂo39
4,81
9,51
-¢.74

-214,95

75444
-2,68
1,55
goug
-4,91
23,63
bh, g3
-4,96
-3.63
-3.21
‘8075
18,99
28,91
-8.,99
-6.07
-6,083
-golﬂ
14,8¢
19,11
12,04
‘90”5
-7.64
-9,.39
‘9.99

STRESSES(KPSI)

TT

2871
23442
35472
6677
14,08
S 21
41,21
19,44
21,09
24,44
45,33
3,97
5¢93
9,43
29,96
29,66
18,35
20,78
47,51
2,17
3,46
Selt7
21,26
24,47
23,95
22,93
9,50
16,37
18,99
19,51
21,38
204,23
2@ .59
14,53
15,94
18,41
19,47
20,16
21,29
12,68
14,98
16,58
18,12
19,06
20,92
11,35
14,27
17,65
16,48
18,11

RZ

-23,22
-29,#9
‘2107¢
-1,83
-4097
-3063
-19,88
-21.,63
-18,29
-26.08
-16,99
‘¢051
-2.09
-1,52
-8.,01
-23,76
-19,53
-23,35
-11,15
-ﬂoﬂq
-f.6U4
-3
-hq,25
-7025
-19.4¢
-25,23
-28,58
-3.1ﬂ
-4469
-8,98
-16,82
-21,54
-13,42
-2,42
-54,66
-9092
-14,12
-14,69
-7.29
-2,52
‘5.99
-8,88
-11,28
-14,38
~-4,36
-1,14
-3027
‘7.5g
-11,31
-8,08

MISES

64,92
79.16
66469
6.80
12,61
17,21
45,96
61,37
6l4,e16
76.89
61le6U4
2,81
6662
9,71
35,28
51,84
63,28
73.41
62,88
2433
3442
S5¢43
25,88
g2
46,19
59,95
89,35
20,15
21,86
29,52
41434
53,76
61445
18,33
21,88
28413
36,415
42,57
45,37
19,38
21,56
25474
353
34 k1
35,48
20437
20 .98
25486
29,72
28414



CHAMBER PRESSURE=117839

ELEM
NO.

151
152
153
154
155
156
157
158
159
164
161
162
163
164
165
166
167
168
169
174
171
172
173
174
175
176
1.7:7
178
179
184
181
182
183
184
185
186
187
188
189
199
191
192
193
194
195
196
197
198
199
209

COORDINATES

R Z
Bo5k 2.61
g.82 2,61
2,45 2,78
2425 2,78
2,46 2,78
1,87 2,78
1,67 2,78
1,48 2,78
2.63 2,96
2,43 2,96
2,24 2,96
2,86 2,96
1.86 2,96
1,67 2,96
1,48 2,96
2,63 3,14
2,43 3,14
2424 3414
2.85 3e1ll
1,86 3,14
1,67 34,14
1,48 3414
2463 34312
2,43 3432
2424 3432
2,85 34352
1,86 B'a1572
1,67 Be 352
1,48 3432
2,63 3458
2,43 3458
2,24 3458
2,87 3458
1.86 3458
1,67 3.58
1,48 3458
2425 3469
2,06 3,69
1,87 3469
1.67 3469
1,48 3,69
2,44 3,87
2425 3,87
2405 3.87
1.86 3,87
1,67 3487
1,48 3.87
2,63 4,g6
2ip3 b.@6
2 o2l 4,@46

RR

#e92
‘3.98
3,16
2,09
#.97
‘4031
-5.,21
-2,22
g.84
gobl
-1,26
-2,26
-2.,02
-1,65
-ﬂ.ﬂg
gou2
L
-¢.25
-ﬂ.54
‘¢032
#.38
foltl
fo30
#e92
go5u
1,82
1,22
fo52
douh
2,31
4,93
2,61
1,41
Be53
‘1093
g.82
fo85
fe35
-1,28
‘¢o85
‘¢023
gollt
fe19
-ﬂ035
‘¢052
-ﬂ.lﬂ
Bodl
Poll
go12
‘ﬂogg

RUN 5

y44

12,46
5019
1,41

-6,413

-6.,60

-6,28

-1,77
1,36

-1,42

-1,57

-b,5¢

4427

-1,67
#e59
1,13
2,13

-5.24

‘308¢

-1,11
#.98
2,15
3491

-7.81

‘3.54
g6
1,94
2561
oLl

‘9.52

-l 24

2,85
2,64
2,48
be73
-3.6¢
gell
3. 12
585
‘203¢
‘1039
f.78
3.16
5429
‘loqﬂ
-1,34
L2
1,24
3.4
5.81

‘1055_

44

STRESSES(KPSI)

TT

19,54
13,5¢
16,86
15,99
17,84
5485
8¢29
11,98
14,41
15,85
4,97
5054
7432
9,39
11,55
13,84
4,41
4,97
6e36
8.00
9,74
11,89
%555
4e31
5.76
7.18
8.33
9,87
1,54
3,84
6665
6659
6.76
8413
1,40
3,85
5031
6e53
Be73
1,4k
257
3,85
S5e1l
#.59
Be72
1,26
1,98
2+/87
3,94
#e.28

RZ

-3426
‘7096
-13,14
‘7072
-2,98
‘5.81
-3.“’5
‘7.27
-be24
-2,46
-3,21
‘3.52
‘2098
-3459
-3. 39
-1,48
-2,19
-3,16
‘2053
-1,88
-1,36
-¢.52
-1,67
-2,94
-242§
‘¢058
‘¢033
‘ﬂoll
‘¢066
-1.,56
‘205¢
ge88
LT
-ﬂ.15
‘3.3¢
‘¢o77
‘¢062
‘ﬂozz
-1,93
-f.83
g7
g.g7
fod
-1,81
‘gogq
-fo24
goti7
gebg
Fe31
‘¢06l+

MISES

28.4“
2@ .48
27 .89
23,55
22,28
1542
13,54
17,94
17,84
16,97
14,92
14,85
14,52
11,86
12,54
12,91
8487
9,u4g
8.43
8. ug
8,94
1#,15
9,88
8,54
6667
5.86
6455
8,14
14,61
7.91
5692
3495
4,96
6.60
7 .22
3,78
L,@d1
5.68
4,28
2,98
2,46
3,42
5.03
2.l+5
2rolE2
1,59
1,88
3.01
4 kg
2,81



CHAMBER PRESSURE=117839

ELEM COORDINATES

NO, R Z RR

241 2,85 4.gd Bolf
282 1,86 Lofb Fe12
243 1,67 4,46 ge.28
204 1,48 4,46 #.28
285 2.63 bo24 ga15
246 2,43 beo24 .13
2687 2,24 4,24 g.36
248 2,85 424 go17
249 1,86 Lo24 #e36
21¢ 1,67 L,24 g.51
2.1 1.48 4,24 g.16
212 2.63 b2 ge15
213 2,43 b,42 Be74
214 2,24 4,42 1,23
215 2.“5 4042 ﬂogﬂ
216 1,86 b2 #e.38
217 1,67 42 Bel3
218 1,48 bou42 -f.64
219 2,63 L.6d -f.11
222 2,87 L,60 -fe24
223 1,86 4L.60 go18
224 IR16'7 4,68 .81
225 1,48 Y -g.16
226 2,25 4,79 -g.g2
227 2,86 4,79 -g.87
228 1.86 4079 ‘ﬂoll
229 1,67 4,79 ol
234 1.o 08 4,79 g.87
231 2,44 4,97 L
232 2.25 4,97 'L
233 2.ﬂ5 4097 -ﬂo¢2
234 1,86 4,97 .01
235 1,67 4,97 g.0

236 1,48 4,97 g.g1
237 2,63 5.16 g.g1
238 2,43 5,16 g8

239 2,24 5416 g.86
24¢ 2,85 5,16 g.16
241 1,86 5.16 L
242 1,67 516 #e.86
243 1.48 54 16 #.16
244 2,63 534 g.81
245 2,43 5434 g.89
246 2.24 5.34 #.39
247 2.85 5.34 Be77
2438 1,86 534 fe61
249 1,67 5¢34 #.06
254 1,48 5434 -g.85
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RUN 5

Y4

‘¢086
Be33
1,62
2,89
be37

-2,23

—ﬂ.49
1,15
2.86
2,58
3459

-2.67

-ﬂ.53
2,37
2,44
1,88
2,99

-2,91

‘ﬂosq
1.76
2,43

-ﬂoqg

‘¢o7ﬂ

‘ﬂ017
1,13
2,081

-f .26

‘ﬂ027

-#.16
Be22
#.83
1,38

-#.35

‘ﬂ.¢8
Be25
gou9
#.66
Be77

‘gosg
g.87
ge67
Bo7l
galib
fo27

-#.78
go8
1,22
1,83
gof2
gefils

STRESSES(KPSI)
Tl

#.58
1,82
1,57
2,19
2,94
‘ﬂ017
goug
#.89
1,33
1,66
2,49
‘goqg
ga27
1,26
1,28
g.97
1,37
-1.19
‘ﬂo35
#olb
fa73
‘ﬂ053
-ﬁ.#g
-B.u45
~f.13
g.19
‘ﬂ053
-#.56
‘ﬂosq
-f.49
~foll
-f.28
-f.64
-g.62
-#459
‘ﬂosg
-g.62
‘¢069
-g.81
-#.67
‘¢06¢
-f. 64
-f.82
-1,07
‘ﬂogz
-ﬂo7¢
‘¢036
‘¢057
-1,22
-1l,44

RZ

‘¢o72
-¢.¢3
ga71
#.89
golt7
‘¢047
-f#.68
‘ﬂogz
1,86
1.08
Y]
‘ﬂolg
‘¢038
-ﬂ.38
1,49
ga71
g.29
-#.79
1.24
#e59
fo2b
-#,37
~f.13
g.92
g.81
ge31
‘¢023
-f.19
gall
Babl
#.76
g.38
-#.19
‘¢02¢
fgel2
#.56
g.67
g.35
‘ﬂolg
‘ﬂ028
‘ﬂogl
g.68
Be57
fo21
‘gogg
-g.18
‘¢029
#.69
g.19
ge3

MISES

1,78
#.82
1..'87
2,84
3,80
D3 7
1,46
#.88
2.35
2,49
3.ﬂ6
2,59
1,26
1l 5380
2,94
1,79
2,54
2,48
2,18
1,83
2,23
#.69
ge75
1,64
1.9¢
2,89
#e56
#.52
Be55
1,29
171
1,69
.63
#.69
fe78
1,35
1,61
l.u4f
g.84
#.92
1,19
1,58
1,51
1,28
#.96
1,81
1,58
1,86
1.31
1,44
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Figure 13. Geometry plot - Run 5.
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Figure 14.
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